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Abstract

Alveolar rhabdomyosarcoma (ARMS) is remarkably rare in adults over 45 years. Initial
immunoprofiling of a small cell neoplasm of the head and neck region in an older adult may not
include myogenic markers. A valuable diagnostic aid and important prognostic parameter in ARMS
is the identification of PAX3-FOXOL1 [t(2;13)(q35;q14)] or PAX7-FOXOL1 [t(1;13)(p36;q14)]
rearrangements. The purpose of this study was to document the clinicopathologic,
immunophenotypic, and genetic features of head/neck ARMS in older adults. Prior isolated
descriptions of three patients were included. Five patients were female and two male (median age
61 years). Each neoplasm was composed of undifferentiated, small round cells in a predominantly
solid pattern. Initially ordered immunostains corresponded with early diagnostic impressions of a
hematologic malignancy or neuroendocrine carcinoma. CD56 was positive in 5/5 tumors and
synaptophysin in 1/6. Given the virtual absence of other lymphoid or epithelial markers, muscle
immunostains were performed and these were positive. Definitive ARMS diagnoses were confirmed
genetically. This study illustrates the diagnosis of head/neck ARMS in older adults is complicated
by its rarity, lack of an alveolar pattern, and a potentially misleading immunoprofile (CD56 and
synaptophysin immunoreactivity) if myogenic markers are not employed. Both PAX3- and PAX7-
FOXO1 ARMSs were identified in these patients. In children, PAX7-FOXO1 ARMS is associated
with a significantly longer event-free survival. In contrast, adult ARMS behaves more aggressively
with a worse overall survival than pediatric ARMS. Further follow-up and additional cases are
required to assess the prognostic relevance of these fusion transcripts in the context of advanced age.
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Introduction

Rhabdomyosarcoma (RMS) is a morphologically and clinically heterogeneous family of
malignant soft tissue tumors related to myogenic lineage (1,2). Alveolar rhabdomyosarcoma
(ARMS) and embryonal rhabdomyosarcoma (ERMS) represent the two main histologic
patterns and must be differentiated from other small round cell tumors. RMS is the most
common soft tissue sarcoma in the pediatric population, comprising approximately 5% of all
childhood cancers and nearly 50% of soft tissue sarcomas arising in children 0-14 years of age
(3,4). In contrast, RMS is remarkably uncommon in older adults representing merely 2-5% of
all malignant soft tissue tumors, with the majority of the pleomorphic subtype (5). Hence, due
to the rarity of ARMS in the older adult and the relatively recent inclusion of molecular
approaches in the diagnostic assessment of these neoplasms, very few cases of the head and
neck region have been previously analyzed genetically (6-8).

In this study, the diagnosis of four ARMSs arising in the head and neck region of patients
between 61 and 76 years of age was confirmed by the demonstration of PAX-FOXO1 fusion
gene expression. Identification of the characteristic gene fusions in these tumors allowed for
arapid, definitive diagnosis and commencement of proper therapy. The clinicopathologic and
genetic findings of these cases and those of previous isolated reports are reviewed (6-8).

Materials and Methods

Clinical Cases
A summary of the patient characteristics is presented in Table 1.

Case 1—A 76-year-old female presented with new onset of left ptosis, dysarthria, and
headache. Radiographic studies revealed left ethmoid and sphenoid sinus opacification with
contrast enhancement consistent with chronic sinus disease but concerning for neoplasm.
Histopathologic evaluation of the surgically excised specimen revealed an infiltrative lesion
composed of sheets of small round cells (Fig. 1A). Focally, fibrous tissue bands separated some
cell aggregates (Fig. 1B). Examination of individual cells was limited by variable crush artifact
and necrosis. The initial clinicohistopathologic impression was malignant undifferentiated
tumor; a small cell carcinoma was favored. Immunohistochemistry was performed employing
the following antibodies: epithelial membrane antigen (EMA): diverse keratin antibodies
MAKS6, AE1/AE3, CK7,CK20, CAM5.2: CD56: chromogranin: synaptophysin: glial fibrillary
acidic protein (GFAP): S-100 protein: melan-A: CD45: Epstein-Barr viral LMP and
myeloperoxidase. The tumor cells were positive solely for CD56 (Fig. 1C). Additional
immunohistochemical studies demonstrated tumor immunoreactivity for vimentin, desmin,
and myogenin (Fig. 1D). At the time of biopsy, a portion of the specimen was submitted for
cytogenetic analysis. Fluorescence in situ hybridization (FISH) analysis was performed for
assessment of the FOXO1 gene locus and reverse transcriptase-polymerase chain reaction (RT-
PCR) studies for PAX-FOXO1 fusion gene expression following recognition of muscle marker
immunoreactivity. These results provided a definitive ARMS diagnosis and the patient
received multiagent chemotherapy and radiotherapy accordingly with significant shrinkage of
the neoplasm. Fourteen months from initial consultation, however, the patient died of
complications with disease.
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Case 2—A 61-year-old male was found to have a large mass involving the paranasal sinuses
with extension into the nasopharynx and adjacent orbit. The patient presented with metastastic
disease involving level 1 and 2 cervical lymph nodes, the right ilium, the left lower lung lobe
and multifocal spinal lesions resulting in a compression fracture at T11. A biopsy revealed
sheets and nests of small undifferentiated cells admixed with slightly larger cells exhibiting
relatively abundant clear cytoplasm (Fig. 2A). Immunohistochemically, the neoplastic cells
were diffusely positive for MIB-1 and a cytokeratin cocktail (AE1/AE3, CAM5.2 and MAKG6)
(Fig. 2B), and focally positive for MAK6, CD56, synaptophysin (Fig. 2C), and S-100 protein.
The neoplastic cells were negative for GFAP, neuron specific enolase (NSE), high molecular
weight keratin (HMWCK), chromogranin, CD45, EMA, and thyroid transcription factor-1
(TTF-1). The initial diagnostic impression included small cell carcinoma and
esthesioneuroblastoma. Following consultation, additional stains were pursued to exclude the
following diagnoses: melanoma, Ewing’s sarcoma (pPNET), or an unusual myoepithelial
tumor. The neoplastic cells demonstrated immunoreactivity for CD57 (Leu 7), cytokeratin
cocktail, desmin, calponin, and myogenin. Smooth muscle actin (SMA), melan-A, CD45, and
013 (MIC2) immunohistochemical stains were negative. Based on these subsequent
immunohistochemical findings, a diagnosis of RMS was favored and tissue was submitted for
molecular (RT-PCR) analysis. Following genetic confirmation, the patient was treated with
multiagent chemotherapy and radiotherapy to the primary tumor and right neck. Ten months
after initial diagnosis the patient was alive with stable disease, but was then lost to subsequent
follow-up.

Case 3—A 61-year-old woman noted irritability of her right upper denture palate for
approximately one month. Her symptoms progressed to severe pain and swelling of the right
side of her face. Clinical examination revealed an obvious subcutaneous mass involving the
right cheek with infiltration of the right upper alveolar ridge. A CT scan demonstrated a soft
tissue mass involving the subcutaneous fat overlying the bones of the right maxilla with
invasion of the hard palate and alveolar ridge in the pterygomaxillary space. Multiple enlarged
lymph nodes suspicious for metastatic disease could also be appreciated. A biopsy of the lesion
revealed cellular groups of small round cells with scant cytoplasm and the initial
clinicohistopathologic impression was high grade neuroendocrine carcinoma.
Immunohistochemically, the neoplastic cells were diffusely positive for CD56 and vimentin.
The neoplastic cells were negative for NSE, synaptophysin, and chromogranin. Additional
immunohistochemical studies revealed that the tumor cells expressed muscle-specific actin
and myogenin, but failed to express either desmin or myoglobin. Based on the histological
features and the immunostains a diagnosis of RMS was favored. Following molecular (RT-
PCR) confirmation, the patient received multiagent chemotherapy and radiotherapy resulting
in significant shrinkage of the neoplasm. She is alive with no evidence of disease 13 months
from initial consultation.

Case 4—A 64-year-old female complained of sinus pain. Radiographic studies revealed
complete opacification of the right maxillary sinus. A right maxillary sinus biopsy revealed a
dense population of neoplastic cells with small round, regular nuclei and little cytoplasm
infiltrating nasal mucous membrane. Focal tumor necrosis and numerous mitoses could be
appreciated. Initial immunohistochemical stains demonstrated that the neoplastic cells were
positive for CD56 but negative for CD2, CD3, CD5, CD8, CD10, CD20, LCA, pancytokeratin,
chromogranin, synaptophysin and granzyme B. Due to the virtual absence of all lymphoid
markers with the exception of CD56 and lack of apparent epithelial cell groups, stains for
muscle markers were performed and revealed immunoreactivity for desmin and myogenin
consistent with a diagnosis of RMS. Tissue was subsequently submitted for molecular studies.
Following molecular confirmation, the patient received multiagent chemotherapy and
radiotherapy and is alive with disease 12 months from initial consultation.
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Cytogenetic Analysis

Standard culture and harvesting procedures were performed on a representative portion of the
neoplasm from Case 1, as described previously (9). Metaphase cells were banded with Giemsa
Wright stain, and the karyotypes were expressed according to the International System for
Human Cytogenetic Nomenclature 2005 (10).

Fluorescence in Situ Hybridization (FISH)

FISH was performed on an unstained, paraffin-embedded tissue section of Case 1 using the
Vysis LSI ® FKHR (13g14) Dual Color, Break Apart Rearrangement Probe (Abbott Molecular
Inc., Des Plaines, IL) according to the manufacturer’s instructions. Hybridization signals were
assessed in 200 interphase nuclei with strong, well-delineated signals and distinct nuclear
borders by two different individuals as previously described (9).

RNA Isolation and Reverse Transcriptase — Polymerase Chain Reaction (RT-PCR)

Results

Total RNA was extracted from representative, formalin-fixed, paraffin-embedded tissue of
each case with Trizol reagent (Gibco BRL, Gaithersburg, MD, USA). For one-step RT-PCR
analysis, 0.5 pg of total RNA (2.5uL of 0.2 ug/uL solution) was reverse transcribed and
amplified using 5 units of Superscript Il RT/TAQ (Invitrogen, Carlsbad, CA) and the following
primers: ¥CCG ACA GCA GCT CTG CCT AC% and “ATG AAC TTG CTG TGT AGG GAC
AG3". After reverse transcription at 50°C for 30 min, reactions were denatured at 94°C for 2
min. Subsequently, 35 thermal cycles were used at the following temperatures: denaturation
at 94°C for 30 sec; annealing at 65°C for 1 min; and extension at 72°C for 1 min, with a final
extension at 72°C for 10 min. The amplified fragments were identified by gel electrophoresis
and ethidium bromide staining. The integrity of the mMRNA was assessed by an independent
RT-PCR reaction using primers to the ubiquitously expressed hypoxanthine
phosphoribosyltransferase gene. The positive control was a known PAX3-FOXOL1 fusion
transcript positive ARMS cell line. The negative control was devoid of template. Confirmation
of the presence of a PAX3-FOXO1 versus a PAX7-FOXO1 fusion transcript was performed by
subsequent restriction enzyme digestion (Sau961 and Hhal respectively).

Cytogenetic Analysis

FISH

RT-PCR

Case 1 exhibited the following abnormal chromosomal complement: 82-104, XXXX, t(2;13)
(935;914)x2,+der(2)t(2;13),+3,+7,+7,+12,+12,+4-9mar[cp2], Fig. 3.

FISH analysis of Case 1 revealed a rearrangement of the FOXO1 gene locus (13q14) in 90%
of the interphase cells analyzed. Specifically, 2-5 copies of a rearranged FOXO1 gene locus
(split probe signals) with one fused probe signal set (non-rearranged FOXO1 gene locus) were
identified, Fig. 4.

Three cases (Cases 1, 3, and 4) were positive for a PAX3-FOXO1 fusion transcript and one
case (Case 2) was positive for a PAX7-FOXO1 fusion transcript (Fig. 5). A summary of the
molecular data is presented in Table 2.

Discussion

RMSs in older adults are distinctly unusual, and typically are pleomorphic with high-grade
cytologic features and differing biological characteristics (2,11-13). Because of their extreme
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rarity, inclusion of the ARMS subtype in the differential diagnosis of small round cell tumors
of the head and neck region in patients over the age of 45 years is often neglected. Similarly,
Nakhleh et al (14) concluded in their study of younger adult patients with RMS (between 18
and 36 years of age) that a round cell neoplasm in a nasal, orbital or lymph node biopsy
specimen is unlikely to suggest the immediate possibility of a RMS. Other malignancies such
as small cell undifferentiated or neuroendocrine carcinoma, lymphoma, olfactory
neuroblastoma, and melanoma are more likely to be considered in this location and older age
group. In the pediatric population, most sinonasal ARMSs are of the solid form (lack a
recognizable alveolar pattern) and are poorly differentiated, thereby complicating diagnostic
efforts (15). Cytogenetic and molecular genetic studies may aid in the diagnosis of head and
neck ARMS, however, with the exception of isolated case descriptions, these studies are
lacking in the older adult (6-8).

In the current study, the initial diagnostic work-up of four ARMSs arising in the head and neck
region of patients between 61 and 76 years of age did not include myogenic markers. Review
of the clinicohistopathologic findings of these four cases and three additional genetically
characterized head and neck ARMSs from older adults revealed that all cases showed a solid
pattern of small, relatively uniform, round-to-ovoid cells with scant cytoplasm. A subset of the
neoplastic cells from one ARMS (Case 2) also exhibited pale-staining or clear cytoplasm, a
rare histologic feature that may contribute to diagnostic confusion. In contrast to most ERMSs
and spindle cell RMSs (the latter also have an affinity for the head and neck region in adults)
(16), rhabdomyoblasts were conspicuously absent as were multinucleated giant cells.
Neoplastic cells expressed CD56 in 5/5 cases, synaptophysin in 1/6, and cytokeratin in 2/6. As
a consequence of nonimmunoreactivity for other examined epithelial, lymphoma, or malignant
melanoma markers, the differential diagnosis was expanded to include RMS and additional
corresponding myogenic immunostains and molecular studies were pursued.

CD56 expression has an established role in the diagnosis of non-Hodgkin lymphoma (NHL)-
natural killer cell type and other hematologic malignancies. The sinonasal region is notably a
common location for natural killer/T-cell lymphomas, particularly in certain regions of the
world (17). Interestingly, diagnostic delays have been reported in occasional patients whose
initial ARMS clinicohistopathologic presentation simulated a leukemia or lymphoma (18-
22). CD56 immunoreactivity is of limited value in the differential diagnosis of sarcomas
because it is widely expressed in these neoplasms. It may be useful however, in conjunction
with assessment of CD99 expression in distinguishing Ewing’s sarcoma from RMS. Only 10-
25% of Ewing’s sarcomas are CD56 positive in contrast to 100% of primitive embryonal and
alveolar RMSs (2,23,24).

CD56 is also commonly expressed in neuroendocrine tumors. A combination of CD56 and/or
synaptophysin immunoreactivity is suggestive of a neoplasm of neuronal or neuroendocrine
differentiation which led to the initial diagnostic impression of small cell carcinoma or
esthesioneuroblastoma for several of the ARMSs in the current study. Reports of synaptophysin
expression in ARMS are few (25,26). Conversely, rhabdomyoblastic differentiation may occur
in olfactory neuroblastoma (27).

Poorly differentiated round cell neoplasms constitute a common problem in differential
diagnosis and for some cases, morphologic evaluation alone is insufficient, and further
investigations are required. Distinguishing ERMS and ARMS is especially problematic but is
essential for prognostic consideration and provision of optimal therapy. Thus, a valuable
diagnostic adjunct in ARMS is the identification of translocations t(2;13)(q35;q14) and t(1;13)
(p36;914), and the associated PAX3-FOXO1 and PAX7-FOXO1 fusion transcripts, respectively
(9,28). Recognition of these specific translocations is also prognostically important as PAX3-
FOXO1 expression is an independent indicator of adverse outcome for patients with ARMS,
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while PAX7-FOXOL1 gene fusion may predict a more favorable outcome (20,29,30). Molecular
confirmation of the presence of a PAX-FOXO1 fusion transcript was fundamental to classifying
each neoplasm of the current study. Unexpectedly, one case (Case 2), exhibited a PAX7-
FOXO1 fusion gene, a finding corresponding with the younger cohort of one ARMS study
(31).

In summary, RMSs of the head and neck region of older adults are extremely rare and the five-
year survival is dismal (8 percent or less) (32). For each of the patients in the current study,
the diagnosis was histologically challenging and more common tumors in these anatomic sites
of older adults such as lymphoma, small cell carcinoma and/or esthesioneuroblastoma were
initially considered. The utility of molecular detection of PAX-FOXO1 gene fusions in ARMS
of childhood and young adults is well documented. The current cases illustrate the important
adjunctive role molecular characterization also serves in the classification of RMS in patients
over the age of 45 years. The value of these ancillary molecular studies are further appreciated
in light of the predominantly solid histologic pattern each of these ARMSs exhibited. The
prognostic value of the fusion gene status in this series, however, is less clear as the limited
study size and short follow-up period preclude any definitive conclusions.
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Figure 1.

Case 1. A, Solid variant pattern of ARMS demonstrating focally crushed and fragmented tumor
along with preserved sinonasal mucosa. B, Higher magnification illustrating a focus of fibrous
septa separating nests of cells with relatively uniform round nuclei and scant cytoplasms. C,
CD56 immunostaining. D, myogenin immunostaining.
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Figure 2.
Case 2. A. High-power view illustrating cellular nests composed of round to polygonal cells

with hyperchromatic nuclei and scant cytoplasm and slightly larger cells with abundant clear
vacuolated cytoplasm. B, cytokeratin cocktail (AEL/AE3, CAMS5.2 and MAKG6)
immunostaining. C, synaptophysin immunostaining.
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Partial karyotypes of two GW-banded metaphase cells from Case 1 illustrating multiple copies
of the t(2;13)(g35;q14) characteristic of ARMS.
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Figure 4.

FISH analysis of Case 1 with the Vysis LS| ® FKHR (13q14) Dual Color, Break Apart
Rearrangement Probe revealed multiple split red and green signals indicative of disruption of
the FOXOL1 gene locus. A single fused red and green signal was also identified in the majority
of aberrant interphase cells examined consistent with the presence of a nonrearranged
FOXO1 gene locus.
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Figure 5.

Ethidium-stained gels of the RT-PCR results (a separate gel was run for each patient at the
time of diagnostic assay). Total RNA was extracted from formalin-fixed, paraffin-embedded
tumor tissue and subjected to RT-PCR using a consensus PAX3/PAX7 primer and FOXO1
primer. M, DNA molecular weight marker (100 bp ladder); Lane 1 in each case represents the
respective patient sample (PAX3-FOXO1 fusion product is 172 bp and PAX7-FOXO1 fusion
product is 160 bp); Lane 2, PAX3-FOXO1 positive control; and Lane 3, no template negative
control.
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